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中 文 摘 要 
目的：研究创伤感染继发弥散性血管内凝血（DIC）过程中机体凝血、纤溶、









1．创伤感染诱发 DIC 模型建立。 
单纯创伤组（T）、单纯感染组（I）、创伤感染组（T+I）的 PT、APTT、D-
二聚体、PLT 与对照组（C）比较差异均有统计学意义(P<0.05 或 P<0.01)；与 T、
I 组相比，T+I 组 12h～24h 间 PT、APTT、D-二聚体均明显延长或升高，PLT 明
显降低，差异有统计学意义(P<0.05 或 P<0.01)；T 组、I 组、T+I 组肺肾病理均可
见不同程度的损伤和微血栓，T+I 组尤甚，但肾脏改变不如肺脏典型。 
2．创伤感染性 DIC 模型中炎症细胞因子表达情况 
单纯创伤组（T）、单纯感染组（I）、创伤感染组（T+I）中 IL-1β、IL-10、
TNF-α与对照组（C）比较差异均有统计学意义(P<0.05 或 P<0.01)；与 T、I 组相
比，T+I 组 2h～24h 间 TNF-α、IL-1β、IL-10 明显升高，差异有统计学意义(P<0.05
或 P<0.01)。DIC 前期应用 IL-10 可以导致 TNF-a、IL-1 等促炎因子表达降低；
DIC 后 6～24h 应用 IL-10 抗体可以有效降低 IL-10 水平。 
3．rhAPC 在一定程度上能减轻创伤后感染继发 DIC 的严重程度。 
与 DIC 组相比，rhAPC 组 2h 时 APTT、PT 值延长，2h～6h 间 D-二聚体水
平有所下降，PLT 数值有所升高，2h～6h 间 TNF-α、IL-1β、IL-10 有所降低，心
肺组织中 MPO 水平均有所下降，差异有统计学意义（P<0.05 或 P<0.01）。 
















PT 值延长，2h～6h 间 PLT 升高，D-二聚体下降，2h～6h 间 TNF-α、IL-1β、IL-10
下降，心肺组织 MPO 下降，差异有统计学意义（P<0.01 或 P<0.05）。 
结论： 
1、应用创伤联合内毒素方法可以成功制备创伤感染继发 DIC 模型 
2、创伤、感染均可导致炎性细胞因子释放增加，创伤合并感染时更明显，
并且早期以 TNF-α、IL-1β 等促炎性细胞因子为主，后期以 IL-10 等抑炎性细胞
因子为主；DIC 前期应用 IL-10 而 DIC 发生后应用 IL-10 抗体，可以减缓创伤后
感染继发 DIC 的发展。 
3、活化蛋白 C 在一定程度上能延长 APTT 等凝血指标，但此作用可能与用
药时间相关，能降低 D-二聚体水平，减轻血小板的消耗，减轻创伤感染性 DIC























Objective  Setting up the experimental rabbit model of disseminated intravascular 
coagulation (DIC) induced by trauma with endotoxin so as to observe the change of 
coagulation, fibrinolysis and inflammation，meanwhile observe the effect of activated 
protein C on the coagulation, fibrinolysis and inflammation, to investigate its treatmen 
-t effect of DIC. Methods  Experimental rabbit model of DIC was established by 
trauma and infection, the parameters of DIC were measured, including Prothrombin 
time(PT), Activated partial thromboplastin time(APTT), Plantlet(PLT), D-dimer,and 
the IL-10, IL-1β，TNF-α also been tested to understand the state of inflammatory 
reaction, then the tissue of the lung and kidney were taken for histopathological 
observation. After APC treat of DIC, the indices aboved were tested again. Results  
First, the animal model was constructed. There were obvious difference of parameters 
(PT, APTT, PLT, D-dimer, IL-1β, IL-10, TNF-α) between the control group and the 
other three groups. Compared with the T group and I group, PT, APTT and D-dimer 
were significantly prolonged or elevated and PLT significantly decreased during 
12h～24h, and TNF-α, IL-1β, IL-10 were significantly elevated during 2h～24h in 
T+I group(P<0.05＆P<0.01); Various damage of lung and kidney and microthrombus 
formation were observed in T group, I group and T+I group, and the changes in the 
lung of the T+I group were especially serious. The level of TNF-α and IL-1β could be 
reduced by preventively using IL-10 in the prophase of DIC，meanwhile the level of 
IL-10 could be reduced by using anti-IL-10 antibody in the developmental phase of 
DIC. Second, rhAPC, to some extent, can alleviate the severity of DIC secondary to 
post-traumatic infection. Compared with the DIC group, PT, APTT were prolonged at 
2h, D-dimer were significantly declined and PLT elevated during 2h～6h, TNF-α, 
IL-1β and IL-10 were significantly decreased during 2h～6h in the APC group 
(P<0.05＆P<0.01), the MPO of the APC group were lower than the MPO of the 
DICgroup.Meanwhile compared with the low dose APC group, the PT,APTT of APC 
















2h～6h, TNF-α, IL-1β and IL-10 were significantly decreased during 2h～6h(P<0.05
＆P<0.01). the MPO of the HAPC group were lower than the MPO of the LAPC 
group.Conclusion  The experimental model of DIC induced by trauma with 
endotoxin could be set up. Trauma, infection can lead to increased release of 
inflammatory cytokines, when trauma combined with infection is more obvious, the 
pro-inflammatory cytokines such as TNF-α, IL-1β were more obvious in the early 
stage, while the IL-10 were obvious in the late stage. Preventively using IL-10 in the 
prophase of DIC or using anti-IL-10 antibody in the developmental phase of DIC 
maybe have positive function to treat DIC. RhAPC, to some extent, can prolonged the 
APTT, PT, and it maybe related to the length of treatment time; APC can reduced the 
level of the D-dimer, the pro- inflammatory cytokines and elevated the PLT, IL-10, 
but the specific mechanism remains to be further study. 
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英文缩写      英文全称                         中文名称 
 
DIC      disseminated intravascular coagulation      弥散性血管内凝血 
LPS      lipopolysaccharides                     脂多糖 
PT       prothrombin time                       凝血酶原时间 
APTT    activated partial thromboplastin time        活化部分凝血活酶时间 
IL-1      interlukin-1                           白介素-1 
IL-10     interlukin-10                          白介素-10 
TNF-α   tumor necrosis factor-α                  肿瘤坏死因子-α 
PAI-1    plasminogen activator inhibitor-1           纤溶酶原激活物抑制剂-1 
β-EP    β-endorphin                            β-内啡肽 
TM      thrombomodulin                        凝血酶调节蛋白 
tPA      tissue plasminogen activator               组织型纤溶酶原激活物 
MPO     myeloperoxidase                       髓过氧化物酶 
EPCR    endothelial cell protein C receptor          内皮细胞蛋白 C 受体 
MIP-1-α  macrophage inflammatory protein-1-alpha   巨噬细胞炎性蛋白-1-α 
MCP-1   monocyte chemoattractant protein-1        单核细胞趋化蛋白-1 
ICAM-1  intercellular adhesion molecule-1          细胞间黏附分子-1 
VCAM-1 vascular endothelial cell adhesion molecule-1 血管内皮细胞黏附分子-1 






















为探究 DIC 的发病机制及防治奠定基础。目前常用的 DIC 模型是通过给予内毒






































规律，为下一步通过免疫调节方法治疗 DIC 提供一定的实验基础。 
活化蛋白 C（APC）是内源性的调节炎症与凝血的重要的物质，其前体是蛋
白 C，是机体生理性抗凝系统重要成员，当凝血酶-血栓调节蛋白复合物生成后，
蛋白 C 被裂解生成 APC，其是一种维生素 K 依赖的丝氨酸蛋白酶，主要在肝脏、
内皮细胞合成，其通过灭活因子 Va、Ⅷa 而发挥抗凝作用，通过抑制纤溶酶原
激活物抑制剂发挥促纤溶作用，二者共同阻止血栓的进一步形成；此外 APC 尚
可通过抑制凝血酶生成和下调 NF-κB 发挥抗炎作用；APC 尚有抗凋亡促增殖的
特性[8, 9]。 
大量研究均发现，在脓毒症时体内 APC 的水平明显降低，其水平与患者预
后密切相关，作为脓毒症病理环节的 DIC，同样存在 APC 水平降低及功能障碍
的问题[10, 11]。重组人活化蛋白 C（rhAPC）是内源 APC 的糖蛋白类似物，氨基
酸构成、结构、生物效应与内源 APC 相似。目前国外 rhAPC 主要用于重症感染
的治疗，无论动物实验还是临床实验均发现 rhAPC可明显降低脓毒症的病死率[12, 
13]，亦有学者研究并发现 rhAPC 对感染性 DIC 的治疗有积极的效果，但 rhAPC
对创伤感染性 DIC 的效果如何尚未进行研究，而国内关于 APC 的研究主要集中
在其对脓毒症的作用以及应激损伤、糖尿病等领域，关于 APC 对感染性 DIC 及
创伤感染性 DIC 的作用的研究甚少。 
本研究通过 rhAPC 干预创伤感染性 DIC 模型，观察家兔的各项 DIC 指标以
及炎症细胞因子 TNF-α、IL-1β、IL-10 浓度的变化，初步探讨 rhAPC 对创伤感染























建立 DIC 动物模型可进一步揭示 DIC 发病全过程中凝血、纤溶、炎症等系
统的变化情况，为探究 DIC 的发病机制及防治奠定基础。本实验通过制造家兔
腹部开放伤，并静脉注入大肠杆菌内毒素，制备创伤后感染继发 DIC 动物模型，







10%甲醛（解放军 175 医院病理科提供） 
乙醚（四川西陇化工有限公司生产） 
内毒素(LPS L2880   美国 Sigma 公司) 
凝血酶原时间（PT）检测试剂(法国 STAGO 公司) 
活化部分凝血活酶时间(APTT)检测试剂(法国 STAGO 公司) 
D-二聚体检测试剂盒(福州贝肯医疗设备有限公司） 
2 仪器 
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